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A LOW DIELECTRIC SEMICONDUCTOR DEVICE AND PROCESS 
FOR FABRICATING THE SAME 



5 BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention pertains to the field of microelectronic chip fabrication for 
10 logic, memory, communication and microcontroller applications. More ^ 
particularly, this application pertains to the use of a support structures to enable 
the integration of ultra low dielectric constant (K) materials in semiconductor 
devices, 



15 2. DESCRIPTION OF THE PRIOR ART 



The operating speeds of silicon integrated circuits are increasing at 
phenomenal rates to meet aggressive performance demands in computing, 
communication and microcontroller applications. This in txim necessitates that 

20 signal propagation delays in the wiring that is used to interconnect the circuits on 
a chip be reduced so that performance is not unduly limited or hampered by 
interconnect delays. Interconnect delays in chips occur due to the RC time 
constants wherein R is the resistance of the on chip wiring and C is the effective 
capacitance between the signal lines and the surroimding conductors in the 

25 multilayer interconnection stack. 



Interconnect capacitance can be reduced by reducing the dielectric 
constant, K, of the insulating mediiun that surrounds these lines. Hence, there has 
been a significant effort to identify and use low K insulators in interconnect 
30 structures. A whole gamut of insulator materials including fluorinated silica, 
polymers with and without fluorination, amorphous teflon-like polymers, and v 
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aerogels made of porous silica have been proposed as possible low K materials for 
this purpose. 

There are several practical difficulties in integrating the low K dielectric 
5 materials in such a wiring structure. First, the physico-chemical properties of 
many of these low K materials are not optimal for the chemical-mechanical 
polishing process. For example, most of the polymer materials are too soft and 
erode at too a rapid rate during chemical-mechanical polishing to allow good 
control over the inlaid layer thickness. Some of these issues can be contained by 

10 applying a hard cap layer over the dielectric to act as a chemical-mechanical 

polishing stop layer, however this requires additional processing and the difficulty 
of ensuring compatibility of the low K material with the processing of this 
additional layer. Second, most of the low K polymers degrade under thermal 
excursions to temperature at or above 400"* C. Hence, they are not suitable for the 

15 device interconnection application because they cannot withstand device damage 
inflicted during an annealing process severely restricting the choice of dielectric 
that can be used for this purpose. Last, porous inorganic dielectrics such as 
aerogels are mechanically weak (i.e. porous and brittle) and, therefore, unlikely to 
withstand a multilayer build process of repeated metal deposition and chemical- 

20 mechanical polishing. 

A method taught by Chang et al., U.S. Patent No. 5,559,005, solves this 
problem with a process in which a first layer is fabricated of aluminum-based 
interconnect wiring, comprising an insulator (silicon dioxide) and a stud layers 

25 deposited into the vias in the insulator. A second interconnect wiring layer of 
aluminum alloy is then deposited and patterned on top of the first layer. The 
insulator is removed fi-om between the metal features by an etching process. The 
structure is then either fully or partially filled with a lower dielectric constant 
material, and a passivation layer is deposited over the resulting structure. A net 

30 lowering of the dielectric constant is achieved by this process due to the 

replacement of the oxide material with a lower K insulator. While this method, in 
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principle, can achieve a uniform and lower K value dielectric, the partially voided 
low K dielectric structure does not yield a uniform or predictable value of 
effective K due to the fact that the presence or absence of voiding depends on a 
myriad of factors including the size, spacing and aspect ratio of the metal features 
5 and, for solution-based insulator depositing, the viscosity and the solvent content 
of the filling insulator precursor solution. This complicates the task of designing 
circuits since circuits require that the effective dielectric constants be precisel5^ 
known and maintained within a narrow range to achieve minimized delay 
tolerances and hence improved chip performance. 

10 

A method taught by Buchwalter et al., U.S. Patent No. 6,148,121 describes 
a process in which air, having the lowest dielectric constant, is used as the 
intralevel dielectric. A multilayer interconnect wiring structure is fabricated by 
methods and materials currently known in the state of the art of semiconductor 

15 processing; the intralevel dielectric between adjacent metal features is then 

removed by a suitable etching process; the etched structure is annealed to remove 
plasma damage; a thin passivation coating is applied over the exposed etched ^ 
structure; an insulating cover layer is laminated to the top surface of the 
passivated metal featxires; an insulating environmental barrier layer is optionally 

20 deposited on top of the cover layer; and vias are etched in the environmental 

barrier layer, cover layer and the thin passivation layer for terminal pad contacts. 
The device is completed by fabricating terminal input/output pads. While this 
method obviates issues such as processablity and thermal stability associated with 
low dielectric constant materials by avoiding their use, the method requires 

25 additional processing steps. 

The process of the present invention accomplishes the above-mentioned 
goals in an efficient and cost-effective process that obviates the additional 
processing steps of patterning, etching and alignment. The instant invention, by 
30 adapting contact printing, rather than convention lithography, to form a support 
structure provides a more practical and economical solution for the integration of 
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ultra low K dielectrics. The use of contact printing, a high-through-put high- 
resolution printing technique as an alternative to lithography provides several 
benefits not provided by conventional chip fabrication methods. First, contact 
printing addresses issues in the science of manufacturing at scales below 200nm. 
5 Second, contact printing enables completely novel approaches to semiconductor 
chip fabrication. Pattern transfer is direct, thereby enabling novel strategies of 
assembling semiconductor devices. A further benefit provided by the contact 
printing process in the manufacture of semiconductor devices is that the alignment 
of the support structure is not critical to the contact printing process. 

[0 

SUMMARY OF THE INVENTION 



Use of porous ultra low dielectric constant materials in high performance 
microelectronic device chips, while desirable, is problematic due to their porosity 
15 and poor mechanical stability. Porous ultra low dielectric constant materials 
cannot survive standard wafer processing without failure or delimitation of the 
high modulus dielectric material. 

Accordingly, it is an object of the present invention to provide a method 
20 for achieving a low K chip interconnect structure that circumvents the problems 
and limitations described above. ' 



It is also an object of the present invention to fabricate interconnect 
structures with the readily available set of semiconductor processing tools and 
25 materials. 



It is another object of this invention to provide a practical, low cost and 
high resolution solution for the integration of ultra low K dielectric materials by 
adapting a contact printing technique, which does not require the conventional 
30 fabrication steps of patterning, etching or alignment, addresses issues in the 
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science of manufacturing at scales below 200mn, and allows new approaches to 
fabrication of assembling devices. 

It IS yet another object of the present invention to provide a support 
5 structure for porous ultra low dielectric constant materials formed of an insulating 
material that enables the porous ultra low dielectric constant material to sustain 
mechanical stress during chenMcal-mechanical polishing processing. 

It is a further object of the present invention to provide a process in which 
10 the area ratio of support structure to porous low dielectric constant material is 

very low, such that the overall dialectic constant of the combination remains close 
to that of the porous low dielectric constant material. 

BRIEF DESCRIPTION OF THE DRAWINGS ? 

15 

Fluther objects, features, and advantages of the present invention will 
become apparent from a consideration of the following detailed description of the 
invention when read in conjunction with the drawing FIGURES, in which: 

20 Fig. 1 illustrates the step of depositing and patterning a metal coated 

substrate layer to form the low K dielectric semiconductor device of the present 
invention. 

Fig. 2 illustrates step of forming a print support structure using a high 
25 through-put printing technique to form the low K dielectric semiconductor device 
of the present invention. 

Fig. 3 illustrates the step of depositing a porous ultra low dielectric 
constant material to form the low K dielectric semiconductor device of the present 
30 invention. 
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Fig. 4 illustrates the step of planarizing the porous ultra low dielectric 
constant material to form the low K dielectric semiconductor device of the present 
invention. 

5 Fig. 5 illustrates the step of polish-stop fibn deposition to form the low K 

dielectric semiconductor device of the present invention. 

Fig. 6 illustrates the step of forming a metal stud layer to form the low K 
dielectric semiconductor device of the present invention. 

10 

Fig. 7 illustrates the step of producing metal interconnects to form the low 
K dielectric semiconductor device of the present invention. 

Fig. 8a illustrates the contact printing process for forming the support 
15 structure of the low K dielectric semiconductor device of the present invention. 

Fig. 8b illustrates the support structure of the low K dielectric 
semiconductor device of the present invention 

20 Fig. 9 illustrates a first non-limiting pattern for the support structure of the 

low K dielectric semiconductor device of the present invention. 

Fig. 10 illustrates a second non-limiting pattern for the support structure of 
the low K dielectric semiconductor device of the present invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses a process for fabricating a multilayer low 
dielectric K semiconductor device that possesses a very low capacitance and, 
30 hence, fast propagation speeds. The semiconductor of the present invention 
successfully integrates a porous, and therefore brittle, ultra low K dielectric 
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insulating material (or materials) by employing a non-porous low K dielectric 
insulating material support structure. The support structure acts as a support, 
which enables the ultra low K dielectric to sustain mechanical stresses applied 
during the chemical-mechanical polishing steps. The semiconductor device is 
5 formed by the following sequence: 

A first metal layer 20 is deposited on a substrate 10, as illustrated in Fig. 1. 
First metal layer 20 may be formed of aliraiinum, copper or similar material. First 
metal layer 20 is patterned to produce a pattemed first metal wiring 30. 
10 Patterning of first metal layer 20 is accomplished by conventional methods known 
in the art such as reactive ion etching (RIE) or damascene processing. *^ 

A support structure 50 for an ultra low K dielectric material is formed by 
applying a first insulating material 40 to pattemed first metal wiring 30, as 

15 illustrated in Fig. 2. First insulating material 40 is a non-porous low K dielectric. 
Support stmcture 50 is formed on pattemed first metal wiring 30 and is pattemed 
using contact printing, as illustrated in Fig. 8a. Fig. 8b illustrates a finished 
support stmcture, pattemed with the process illustrated in 8a. A contact printed 
stamp 60 is fabricated by casting polydimethylsiloxane (PMDS) on a master 70 

20 with a negative of the desired pattern. The negative is produced using e-beam or 
STM lithography. Support stmcture 50 is cured and PDMS stamp 60 is peeled 
away from master 70. Master 70 is then exposed to ink transferred by transient 
contact between stamp 60 and substrate 80. Figs. 8a, and 8b illustrate non- 
limiting alternative support stmcture patterns for plating. 

25 

First insulating material 40 preferably has a dielectric K lower than 3.9. 
First insulating material 40 may be any conventional polymer or insulator having 
a proper physical strength. Non-limiting examples of suitable organic polymeric 
materials include aromatic thermosetting polymeric resins, such as resins 
30 manufactured by Dow Chemicals, Co. imder the trade name SiLK, and polymeric 
resins sold by Honeywell Microelectronics under the trade name Flare. 
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Additionally, nonporous inorganic or organic-inorganic hybrid materials such as 
methylsilsesquioxane (MSQ), hydridosilsesquioxane (HSQ), MSQ-HSQ 
copolymers, MSQ-HSQ blends, tetraethylorthosilane, or any other low K 
inorganic materials capable of withstanding high forces dxiring CMP can be used. 
5 Organic aromatic thermosetting polymers are preferred due to their increased 
strength, as compared with inorganic dielectrics. 

Contact printing provides many benefits over conventional lithography. 
Contact printing does not require patterning or etching as is required by 
10 conventional lithography. Contact printing allows manufacturing at scales below 
200 nm. Contact printing also allows for novel approaches to semiconductor 
fabrication because the pattem transfer is direct, it does not have diffraction 
limitations, it is inherently parallel, and it uses conformal contact to affect 
material properties of the substrate. 

15 

Second insulating material 90 is deposited onto support structure 50, as 
illustrated in Fig. 3. Second insulating material 90 is a porous ultra low K 
dielectric material having a lower dielectric K than the dielectric K of first 
insulating material 40 of the support structure 50. Examples of ultra low 

20 dielectric K materials suitable for second insulating material 90 are any organic or 
inorganic dielectric material with a dielectric K less than 2.2. Preferably, second 
insulating material 90 has a dielectric K less than 1.8. Porous inorganic materials 
or inorganic-organic hybrids such as porous Methylsilsesquioxane (MSQ), porous 
hydridosilsesquioxane (HSQ), porous MSQ-HSQ copolymers, porous MSQ-HSQ 

25 blends, porous tetraethylorthosilane, or any other porous low K inorganic 

materials may also be used. Suitable porous organic materials may include any 
aromatic thermosetting polymeric resin, for example resins sold by Dow 
Chemicals Co. under the trade name SiLK, a polymeric resin sold by Honeywell 
microelectronics under the trade name Flare, and similar resins from other 

30 suppliers. 
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Alternatively, the porous ultra low dielectric constant material used for 
second insulating material 90 may be applied as a non-porous material containing 
a sacrificial spacer. The sacrificial spacer is subsequently removed by thermal 
treatment or other processing known in the art. 

5 

Second insulating material 90 is then planarized, as illustrated in Fig. 4. 
Planarization is accompUshed by etch back or chemical-mechanical poUshing 
processmg. Preferably, etch-back processing is employed to planarize the surface 
100 of second insulating material 90 prior to depositing the chemical-mechanical 

10 polishing stop layer. Etch back of the planar surface can be achieved by first spin 
coating a material that is similar to the dielectric material used, has the same etch 
rate as the dielectric material, and is capable of forming a planar surface. A non- 
limiting example is application, by spin coating, of a thin polyamide layer. The 
coating can then be etched using a timed etch process to planarize the surface of 

15 the dielectric material. 

A chemical-mechanical polish-stop film layer 1 10 is then deposited on 
said planarized low dielectric K surface 100, as illustrated in Fig. 5. Chemical- 
mechanical poUsh-stop film layer 110 reduces the roughness of surface 100 by 
20 removing excess material from the surface. 

A plurality of interconnect metal studs 120 are then formed on first metal 
layer 20, as illustrated in Fig. 6, using a damascene process. Interconnect metal 
studs 120 are delineated, thereby isolating them by means of chemical-mechanical 
25 planarization. An interconnect pattem is lithographically defined in the second 
insulating dielectric material, thereby producing trenches. Metal is deposited to 
fill the resulting trenches. Excess metal is removed by means of chemical- 
mechanical planarization. 
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A second metal layer 130 is then deposited onto said polish-stop film layer 
1 10 to produce interconnects with metal studs 120, as illustrated in Fig. 7. Second 
metal layer 130 is patterned to produce interconnects to first metal layer 20. 

5 The entire process may be optionally repeated to create a layered 

semiconductor device with vertical pathways. 

Since the area ratio of support structure to the porous dielectric is low, the 
overall dielectric K of the combination remains close to that of the porous low 

10 dielectric K material. The resulting dielectric K of the semiconductor device after 
the addition of the low-K porous and the support materials is Kl*r+K2*(l-r), 
where Kl and K2 are the dielectric K of the low-K porous and the support 
materials, respectively and r is the ratio of the support area to the total area. If 
K2«K1 and r«l, then the effective dielectric K of the insulating film remains 

15 very low and the structvire will be strong enough to support subsequent fabrication 
processes. 

The present invention has been described with particular reference to the 
preferred embodiments. It should be imderstood that the foregoing descriptions 
20 and examples are only illustrative of the invention. Various altematives and 

modifications thereof can be devised by those skilled in the art without departing 
fi-om the spirit and scope of the present invention. Accordingly, the present 
invention is intended to embrace all such altematives, modifications, and 
variations that fall within the scope of the appended claims. 
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